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SUMVARY

Transportation of mgrating chinook salnon snolts from
Snake River dans to the Colunbia River estuary has not
reversed a downward trend in Idaho stocks of this species
that first becane apparent in the late 1960s. Poor survi val
of transported snolts may be a consequence of physi ol ogi cal
responses to stressful events during collection and
transportation. This study was undertaken to evaluate the
intensity of stress responses in transported snolts, to
determne if stress responses decrease the viability of
transported snolts, and to investigate ways of avoiding or
mtigating stressful events during transportation.

Tests were carried out at Dworshak National Fish
Hat chery (Dworshak NFH) to establish baseline concentrations
for plasma cortisol, glucose and Na+ in spring chinook
sal non under stressed and unstressed conditions. The fish
were crowded at densities of 32, 64 or 128 g/liter (2, 4 or
8 pounds/cubic foot) for 2 to 96 hours. The stage of
smoltification was estimated by migration tests and
measurenent of gill (Na + K)-ATPase activity.

Cortisol was wundetectable (<3 ng/m) in plasma of
uncrowded spring chinook salnon sanpled in Mrch, but ranged
from?29 to 98 ng/m in plasma of the sane and three
addi tional groups of fish sanpled in April, wmy, or June.
These and other cited data indicate that plasma corti sol
concentrations rose during snoltification.

Plasma cortisol concentrations were higher in snolts
than in parr at each of the three crowding densities tested.
A ucose concentrations were higher and Na+ concentrations
were |lower (i.e. stress response was stronger) in snolts



than in parr at the two higher crowding densities and at
| onger (48 and 96-hour) test durations.

Concentrations of stress indices returned toward
control concentrations nore rapidly in chinook sal non (parr
and smolts) transferred to sea water (20°/00) after crowdi ng
than in those transferred to fresh water. Recovery in sea
water was usually conplete in 24 hours: recovery in fresh
water was often inconplete after 72 hours.

In 1982, spring chinook sal non were sanpl ed at seven
points in the collection process at Lower Ganite Dam and
after transportation to Bonneville Dam by truck or barge. On
three of the four sanpling dates, plasma  corti sol
concentrations in fish fromgatewells were simlar (40-60
ng/ ) to baseline cortisol concentrations in hatchery-
reared chinook sal non: cortisol concentrations were higher
(135, 154 ng/n) in fish from gatewells on the fourth
sanpling date (April 30). A diel cycle in both cortisol and
gl ucose levels in chinook salnon exiting the bypass pipe
indicated that the stress response becane progressively nore
pronounced in fish that could not find their way out of the
gatewel | s or bypass system Concentrations were highest in
fish passing through the bypass at the peak of the evening
mgration, and lowest in fish exiting the gatewells at
m dday (and presunmably del ayed since the previous evening).

Passage fromgatewells to raceways resulted in a large
change in stress indices relative to nost other steps in the
collection and transportation process. Overal | mean
cortisol concentrations were 112 ng/m in fish exiting the
bypass and 160 ng/ml in fish entering raceways. Only
loading on trucks and barges elicited an equally |arge
increase in plasma cortisol response. Fi sh swam vi gorously
in the bypass, as indicated by an elevated plasnma | actate
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concentration (67 ng/I0O m, conpared with 24 ng/IO0 n
after overnight recovery in a raceway).

Pl asma cortisol concentrations dropped rapidly during
the first 6-8 hours of raceway residence, then rose again
after snmolts were |oaded onto trucks or barges (overall nean
cortisol concentration after | oadi ng, 175 ng/ m) .
Concentrations declined during barge transportation on three
of the four dates sanpled, but rose on the last sanpling
date (April 30). Plasma cortisol remained elevated in the
one group of trucked fish sanpled at Bonneville. Pl asma
gl ucose concentrations increased (to highs of 135-145 ng/l QO
m) and Na+ concentrations decreased (to lows of 122-132
meg/liter) during collection and transportation.

Pl asma cortisol concentrations returned to the baseline
range (<60 ng/m) wthin 24-48 hours in chinook salnon
transported to Bonneville by truck and held in fresh water.
Pl asma gl ucose and Na+ concentrations recovered nore slowy,
but fish courdtolerate full strength sea water within 24
hours or |ess.

Vul nerability to predation increased in all stocks of
spring chinook salnon tested after the fish were crowded at
hi gh densities (193 and 385 g/liter) and |ong durations (96
and 240 hours). Predation rates and plasma cortisol
concentrations were significantly correlated. Chinook sal non
with plasma cortisol concentrations of 75-150 ng/nml or
hi gher were captured by predators at a higher rate than were
control fish. Pl asma cortisol concentrations in transported
chi nook sal mon frequently exceeded 150 ng/m at the tinme of
rel ease. The physiol ogi cal response to stressors associated
Wi th transportation probably would inpair the ability of
transported fish to escape predators imediately after
rel ease, but |osses would depend on nunbers of predators
near rel ease sites.



The effects of truck transportati on and of exposure to
an additional stressor (30 seconds out of water in a net) on
| ater survival in sea water were eval uated. Hi gh surviva
(90% 98% of chinook salnon snolts during |0-19 weeks of
seawater rearing was correlated with high survival during
previous freshwater rearing in the hatchery. The 30 seconds
of exposure to air at the tinme of truck unloading did not
decrease survival of transported fish. Seawat er survi val
was not closely correlated with the estimted incidence of
bacterial kidney disease (by fluorescent antibody technique)
in fish before transfer to sea water, put alnost all of the
fish that died in sea water had typical synptons of the
di sease.

The planned rel ease of nmarked stressed and unstressed
chinook snolts from Eagle Creek National Fish Hatchery
(Eagle Creek NFH) was not achieved in 1983. A rel ease of
marked "stressed" and "unstressed" fish was nade in spring
1984. Conparison of adult return rates fromthe two groups
shoul d indicate whether exposure of smolts to a strong
stressor before release to stress adversely affects
survi val

After chinook salnon smolts were transported and
handl ed, plasma cortisol declined nore rapidly in snolts
held in 5°00 or 1c°/oo sea water than in those held in
fresh water or 20°o0o0 sea water. Recovery of depressed
pl asma Na+ concentrations after transportation was slowest
in fish held in fresh water and fastest in fish held in
20°/ 00 sea water. Use of 5°/oco sea water (or salt water)
during transport of fish by truck should mnimze nortality
due to stress-caused ionoregul atory disturbances. Rel ease
of barged chinook snolts into brackish water should speed
recovery of stress hor none and bl ood el ectrolyte
concentrations.

Viii



1. 1 NTRODUCTI ON

Runs of spring chinook sal non have been declining in
| daho since the late 1960s. By the 1970s, the adult return
rate of smlts released from the Idaho Fish and Gane
Departnent's Rapid River Hatchery had declined from about
0.8%to 0.1% or below (Fig. 1.1). This decline in survival
rates coincided with an increase in the nunber of operating
turbine units on the Snake River from3 in 1968 to 24 in
1979 (Fig. 1.1). In an attenpt to reduce nortalities caused
by turbine passage and by predation, disease, and delay in
the eight reservoirs on the Snake and Colunbia R vers,
transportation of snolts fromthe Snake River to the |ower
Colunbia River was begun in the md 1970s (Fig. 1.1).
Traveling screens divert nmigrating chinook salnon and
steel head trout snolts from turbine intakes at Lower Ganite
and Little Goose danms, the two uppernost dans on the |ower

Snake River, into a bypass system The fish are held in
raceways, and then |loaded into either fish transport tankers
or barges for transport to the estuary. Results of the

transportation program have been encouraging for steel head
trout, but disappointing for chinook sal non. Al t hough 50%
or nmore of the chinook salnon mgrating down the Snake River
have been transported each year since 1977 (Fig. 1.1),
return rates have continued to be very poor. The exi stence
of Ildaho chinook salnmon stocks will soon be in jeopardy
unl ess return rates are substantially | nproved:
consequently, the failure of the transportation programis a
matter of serious concern.

W believe that the poor post-release survival of
transported snolts nmay be related to the physiol ogical
effects of events they experience during collection and
transportation. The stress response in fishes is
characterized by disturbances in endocrine, netabolic and
osnoregul atory function that either can be directly | ethal
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(Barton et al. 1980; Strange et al. 1977) or can reduce
ability to respond to environmental challenges. The conmmon
factor nediating non-specific physiological responses to
stressors is thought to be psychol ogical distress, which is
integrated with neuroendocrine activity viathe hypothal no-
pituitary axis (Mason 1975). Experimental work with
salnonid fishes has shown that handling and crowdi ng can
elicit a strong stress response (Barton et al. 1980; Strange
et al. 1978;  \Wedeneyer  1976). Smolts entering the
collection facility at Lower Ganite or Little Goose Dans
are exposed to a series of potentially traumatic events,
i ncl udi ng handling and crowdi ng.

In 1982 the Bonneville Power Adm nistration funded a
two-year study to investigate the possible |inkage between

stress and decreased viability of transported chinook
smol ts. Research objectives for 1982 and 1983 were to:

L. Devel op baseline information on the stress response in
Parr, snolts, and post-snolts of chinook sal non.

2. Determne relative intensity of the stress response (as
indicated by changes in physiological i ndi ces)
associated wth each step in the collection and
transportation procedures at Lower Ganite Dam

3. Determne if changes in plasma cortisol in chinook
salnmon are correlated with decreased ability to avoid
attacks by predatory fishes.

4. Determne whether collection and transportation of
chi nook sal non activates sub-clinical bacterial kidney
disease infections and later affects survival during
extended saltwater rearing, and how survival 1is
affected by overall fish health.
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Test the hypothesis that exposure of chinook sal non
smolts to stressful conditions before they enter salt
wat er adversely affects adult return rates.

Determine if a stress response can be avoided or
mtigated by releasing snoblts in dilute salt water
after transportation.
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2.  EFFECTS OF CROADI NG ON PLASMA CORTI SOL, GLUCCSE, AND
NA+ CONCENTRATI ONS | N CH NOOK SALMON PARR
SMOLTS, AND PCGST- SMOLTS

A primary objective of this project was to determ ne
the physiological response of nmigrating chinook salnon
smolts to col l ection and transportation procedur es
encountered at Lower Ganite Dam Changes in plasma
cortisol, glucose and electrolytes are characteristic
features of the physiological response of fish to many types
of stressors (Mazeaud et al. 1977, Strange et al. 1977).
Because adequate information was not avail able on expected
concentration ranges of plasma cortisol, gl ucose, and
electrolytes in juvenile chinook salmn before and after
exposure to stressors a study was undertaken to obtain this
i nformati on. Crowdi ng was selected as a stressor because
crowdi ng densities are both easily defined and reproducible.

Strange et al. (1978) reported plasma cortiso
concentrations in chinook salnon stressed by confinenent and
crowding, but did not investigate the interactive effects of
stressor intensity (crowding density) and duration. The
effect of snoltification on the stress response in salnonid
fishes had not been specifically investigated prior to the
present study, although Wedeneyer (1976) observed nore
extrene bl ood gl ucose changes in coho salnon snolts than in
parr follow ng netting and handling.

The objectives of the present study were to determ ne
changes in plasma cortisol, glucose and Nat+ in spring
chi nook sal non subjected to several crowding densities for
various periods, and to determ ne recovery rates for these
variabl es when fish were transferred to fresh water and salt
water after conpletion of crowding trials. The effects of
snol tification and of stressor i ntensity-duration
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i nteractions on changes in nonitored variables and on rates
of recovery were of particular interest.

Met hods and Material s

Sel ection and Mai ntenance of Test G oups

Ei ght groups of spring chinook salnon were used in
basel i ne stress response studies at Dworshak NFH in 1982

(Table 2.1). These groups were selected to represent a
range of rearing histories and degrees of severity of
bacterial kidney di sease (BKD). Dwor shak spring chi nook

salnmon (age 1, reared in unheated water) were tested three
tinmes (late March, md April and late June) to determne the
effect of the parr/snolt transformation wthin a cohort on
the stress response. A group of age O fall chinook sal non
were al so tested.

I ncidence of BKD and degree of snoltification were
estimated for each group. Fecal or frozen whol e-body
sanples were taken for later determnation of BKD infection
by the fluorescent antibody technique. Smolt status was
estimated on the basis of three factors: branchial (Na +
K)- ATPase activities (determned by W Zaugg), physical
appearance, and mgratory activity. Mgratory activity was
tested in an 80-m concrete channel divided by dam boards
into four pools. G oups of 100 branded fish were
periodically introduced into the uppernost pool, and fish
that mgrated were recovered in a trap below the | owernost
pool . Mgration tendency was expressed as the percent of
stocked fish that mgrated per day during the period of the
test.

"Indices of snoltification" are notoriously inaccurate
when applied to spring chinook (Ewing and Birks 1982),
because the devel opnental sequence of this species is so



Table 2.1. Characteristics of experimental groups of chinook salmon (spring run unless otherwise indicated) used in baseline
stress-response testing at Dworshak National Fish Hatchery, spring 1982. ATP is gill (Na + K)-ATPase activity (micro-mol P/mg
protein per hour), and MT is migration tendency (percent stocked fish migrating from test channel per day¥. REL-ATP and REL-MT
are, respectively, the relative ATPase activity and the relative migration tendency, both expressed as a fraction of the high-
est values observed in any group. SI, the "smoltification index,"” is the sum of REL-ATP and REL-MT. Percdentages of fish found
positive for bacterial kidney digsease (BKD) by the fluorescent :antibody techniqueare indicated.

- Total : -
- aeiand S ~ _ATP MT BKD
Group origin Abbreviation length, Aqge Dates tested (REL-ATP) (REL-MT) SI (%) Stage
range_{mm)

1. Mixed migrants, MM 100-190 =~ 1 Apr 24 - May 1 = —eeeo. eoeeo ——— -—— Smolt
Lower Granite Dam : :

2. Hagerman National HF 100-120 -0 Jun 7 - 17 46.04 6.3 2.00 0.0 Smolt
Fish HatcheryP : (1.0) (1.0)

3. Dworshak Natignal DLS .160-190 1 Apr 7 - 20 27.16 4.7 1.34 58.8 Smolt
Fish Hatchery (0.59) {0.75)

4. Dworshak National DSS-3 140-170 1 Jun 20 - 30 17.03 3.5 0.92 70.8 Smolt
Fish Hatchery (0.37) (0.55)

5. Dworshak National DSS-2 120-140 1 Apr 17 - 29 7.83 1.3 ' 0.42 70.8 Parr
Fish Hatchery . (0.17)  (0.25)

6. Dworshak National DSss-1 100-130 1 Mar 22 - Apr 3 - 5.82 0.0 0.12 70.8 Parr
Fish Hatchery (0.12) (0.0)

7. Kooskié National KS-1 110~-140 1 Apr- 12 - 26 9.21  ----- ———— 22.4 Parr
Fish Hatchery (0.20) (-=-=)

8. Kogskia National KS-0 100-130 0 Jun 20 - 30 23.94 0.9 0.66 -——- Parr
Fish Hatchery : . (0.52) {0.14)

9. Rapid River RR 100-150 1 Apr 1 - 7 ;12,43 ———=- -—-- 1.5 .+ Parr
State Hatchery : ‘ : (0.27) (---)

3 Abbreviations are used to identify data for individual groups shown in figures (results section).

b " L] 3 l

Fall-run" fish.
c

These fish were reared in reused and reconditioned water supplemented with electrolytes (20 ppm Na+, 8 ppm K+. 30 ppm c17).
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variable relative to other anadromous salnonids (e.g.,

Atlantic salmon, coho sal non and steel head trout). If a
smolt is defined as the devel opnental stage at which
mgration to the sea results in the highest adult returns,

then "snoltification indices" vary greatly between different
runs of chi nook sal nmon. Among anadr onous sal noni ds whose
transformation from parr to snolt is distinct and tenporally
conpressed, the nost reliable indicators of the occurrence
of smoltification are probably: (1) the devel opnent of high
| evel s of activity of the enzyne (Na + K)-ATPase (which
pronotes hyperosnotic adaptation), (2) the acquisition of
tolerance to full-strength sea water, (3) the |oss of
territoriality, and (4 the adoption of a downstream
m gratory disposition (Hoar 1976, Folnmar and Di ckhoff 1980).

Various popul ati ons of chinook sal non, however, may mgrate
downriver with or without el evated ATPase activities (Ew ng
et al. 1980) . Mor eover, salinity tolerance bears no
relationship to smoltification in chinook sal non, as any
fish of 80 mmor nore total length tolerates full-strength
sea water (Ewing and Birks 1982). Indeed, as stated hy
Ewing and Birks (1982), "the various conponents normally
associated with the snolting process--physiological changes,

mgration, ocean entry and survival to adulthood--nmay be
separated tenporally in chinook sal non, and the concept of
‘smolt,' as defined in other species, my Nhot be
applicable."” Nevert hel ess, Ewing and Birks presented
evidence of a correlation between the time of maximally
elevated ATPase activity and the tinme of downstream
mgration and ocean entry that resulted in the highest adult
returns in Rogue River spring chinook. The nost reliable
index of "snoltification" in chinook sal non seens to be the
si mul t aneous devel opnent of high |evels of ATPase activity
and a strong disposition to mgrate downstream

The relative degree of snoltification of fish used in
this study was assessed by conmparing physical appearance,



branchial ATPase activity, and migratory tendency. Fal |
chinook salmon reared at Hagerman National Fish Hatchery
(Hagerman NFH) had both the highest ATPase activity (46.04
mcro-nol P per ng protein per hr) and the highest mgration
tendency (6.3% per day) observed in any group. To
facilitate conparisons of snolt status between groups, the
ATPase activity and mgration tendency of each group was
expressed as a fraction of the val ues observed in Hagerman
fall chinook sal non. These relative ATPase and mgration
tendency values were then sunmed to give a conposite
"smol tification index" (SI; Table 2.1).

On the basis of the SI and the acquisition of a "smolt-
li ke" appearance resulting fromthe |oss of parr marks and
the devel opment of silvery coloration and slim body form
Hagerman fall chinook sal non and Dworshak large spring
chi nook sal non were considered to be snolts when sanpled in
June and parr when sanpled in March or April. The remai ni ng
groups of spring chinook sal non from Kooskia National Fish
Hat chery (Kooskia NFH) and Rapid R ver Hatchery were
consi dered parr because either ATPase activity or mgratory
t endency, or both, were |ow

Al tests were carried out in the incubation room of
Dworshak  NFH  under const ant artificial illumnation
(i ncandescent light, intensity not neasured). Filtered,
heated water fromthe North Fork of the Cearwater R ver was
supplied to the test and holding tanks at a nean tenperature
of 10.5 C (9.4-11.6 Q. Fish were held in 1.2- or 1.8-m
dianmeter circular tanks for a mninum of 4 days prior to
testing. They were fed Oregon Mist Pellets (3% of body
wei ght divided between two daily feedings) wuntil 2 days
before testing, and then were fasted through conpletion of
the test.
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Sanpling Procedure

Bl ood sanples were taken by dip-netting groups of 5
fish into a plastic bucket filled with 3 liters of unbuf-
fered tricai ne nethanesul fonate (Ms-222) at a concentration
of 50 ppm (Prelimpary studies indicated that plasma gl u-
case, cortisol and electrolytes were not appreciably af-
fected by short periods of exposure to unbuffered M5 222 at
50 mm) Fish were blotted dry and neasured after they
became anesthetized. Caudal peduncles were severed and bl ood
was collected in heparinized Caraway tubes (370 mcroliters
capacity, ammonium heparin coated), pooled (blood from 5
fish), and centrifuged to separate blood cells and plasna.
The plasma was divided between two 250-microliter sanple
cups (one for glucose and el ectrol yte anal ysis, t he ot her
for cortisol analysis), and frozen at -20 C for storage. A
sanpl e consisted of three 5-fish replicates (n = 15), except
for saltwater recovery sanples, which consisted of four 5-
fish replicates (n = 20). Total tinme in M5-222 (usually |ess
than 5 mnutes) and sanpling order (replicate 1, 2, or 3)
were recorded for each replicate.

Sanpl e Anal ysis

The physiological variables nonitored were plasm

cortisol, glucose and Na+. Pl asma cortisol was determ ned
with a commercial radioi munoassay kit (Biorad "quantimnmune"
cortisol)". The within-run coefficient of variation (C V.)

was cal cul ated at 8% and 13%in two runs (n = 10 each run);
the between-run C.V. ranged from 15% (58 ng/m control pool:
n =12) to 24% (255 ng/m control pool; n = 12). Percent re-
covery of added human cortisol was 75% in one test and 100%

1 Reference to a comercial product does not inply endorse-
ment of that product by the U S. CGovernnent.
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in a second test. Conparison of cortisol values for nine
sanpl es anal yzed at the University of ldaho with values for
the same sanples analyzed at QOegon State University
i ndi cated that val ues obtained at the University of I|daho
were significantly higher (signed rank test, P < 0.025: «x
difference = +24%

Pl asma gl ucose was neasured with a commercial enzymatic
kit (Sigma Chem cal 115A). In this procedure, glucose is
converted to glucose-6-phosphate in the presence of
hexoki nase, w th concurrent reduction of NADP to NADPH.  The
resulting increase in concentration of NADPH is determ ned
spectrophotonetrically at 520 nm Wthin-run and between-
run coefficients of variation (n = 8 and 6, respectively)
were 10%  The reduction in glucose concentration resulting
from repeated freezing (to -15 C) and rethaw ng over four
freeze-thaw cycles was 13% (n = 4 control pools).

Plasma Na+ was neasured with either an inductively
coupl ed plasma spectrophotoneter (ICPS; Applied Research
Laboratories model 143) or a flame phot onet er
(I'nstrunentation Labs nodel 142). The within and between-
run coefficient of wvariation for Na+ when the flanme
phot onet er was used was 5%

Test Protocol s

Loadi ng-Densi ty-Duration Tests. Fish were stressed by
netting them fromtheir holding tanks into floating nesh
cages in which the volunme had been adjusted to give |oading
densities of 32, 64, or 128 g/liter (2, 4, or 8 pounds per
cubic foot). Test fish were then left in crowding cages for
various periods of tinme (2, 8, 24, 48, or 96 hours).
Crowdi ng durations extended up to 96 hours because the total
duration over which fish are collected at Lower G anite Dam
and transported downriver frequently equals or exceeds 96
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hours. Loading densities were nultiples of 64 g/liter
because this density is the greatest density used during
transport. Styrofoam lids were strapped to the tops of the
crowdi ng cages, which were than allowed to float free in the
hol ding tanks (1.2- or 1.8-mdianeter). Fish that renmai ned
free in the holding tank for the duration of the experinment
were never |oaded in excess of 0.8 g/liter, and were used as
controls. Fresh water at an average tenperature of 10.5 C
was circulated through the holding tank throughout the
experi nent.

Fish from sonme hatcheries were not tested at all
conbi nations of |oading density and duration. The m ni mum
protocol enployed only the 64 g/liter |oading and durations
of 2, 8, 24, and 96 hours.

Recoverv in Sea Water. At the conclusion of selected
| oadi ng density-duration tests at 64 g/liter, lots of 30
test fish were transferred to each of two plastic cans
containing 70 liters (19 gallons) of natural or artificia
("Marine Environnent") sea water at a salinity of 20°/oo.
The cans were aerated and naintained at the sane tenperature
as the holding and crowdi ng cages. Fish were quickly
transferred from the crowding cages to the cans by dip-
netting themfromthe cage into a bucket of sea water and
then pouring the bucket into the can, so that they were
lifted fromthe water for only 1 or 2 seconds. At 24, 48,
and 72 hours after transfer to the cans of salt water, four
5-fish replicate sanples were alternately netted from each
of the cans. Uncrowded fish transferred from the hol ding
tank into 20°/00 sea water served as controls.

Recoverv in Fresh Water. At the conclusion of selected
| oadi ng density-duration tests at 64 g/liter, groups of 15
fish were transferred into each of three 190-liter (50-
gallon) tanks supplied with flow ng fresh water (sane source
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as hol di ng tanks). The nmethod used to transfer fish from
crowmding cages to recovery tanks was identical to that
descri bed above for groups recovering in salt water. One of
the lots of fish was sanpled at 24 hours, one at 48 hours,

and the third at 72 hours. Physi ol ogi cal variables were
conpared wth those of control fish

Response to M5-222. Because fish were often in the M>
222 bath for periods up to 5 mnutes--rarely up to 15
m nutes--we determned the effect of exposure to unbuffered
MS-222 on plasma gl ucose, cortisol and Nat. Large Dworshak
NFH spring chinook salnmon (DLS) were dip-netted from a
holding tank into an aerated, 50 ppm solution of unbuffered
MS-222, and individual fish were renoved and sanpled after
intervals ranging up to 60 m nutes.

Statistical Analysis

Even when the fish were undi sturbed, concentrations of
plasma cortisol, glucose and Nat+ differed substantially
anmong the various groups of fish tested. These differences
were probably attributable to differences in devel opnenta
stage and size, prior hatchery or transportation experience,
chem cal conposition of rearing water and, of course,
genetic differences (e.g., spring versus fall chinook
sal non) . Thus, stress-induced differences in nonitored
vari abl es between groups would be confounded with
differences attributable to stress-independent factors if
absol ute concentrations were conpared between groups. For
this reason, inter-group statistical conparisons were nade
only in terns of "relative concentrations"--concentration
changes relative to group-specific control val ues. For
pur poses of inter-group statistical conparison, the nean
control concentration of each parameter was subtracted from
t he absol ute concentration observed in test groups. The
rel ative concentration changes so obtained were considered
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to be deviations from group-specific control values, and

statistical tests Dbetween groups assessed conparative
degrees of deviation.

Data were analyzed by analysis of variance (ANOVA).
Two-way factorial, randonmized conplete block (RCB) or one-
way ANOVAs were used as appropriate. Mul ti pl e conparisons
bet ween treatnent neans were nmade by the PDI FF procedure of
the Statistical Analysis Systemis Ceneral |jnear Mdel s

program (Ray, Council and Sall 1982). The al pha | evel for
the null hypothesis of equal treatnent neans was 0. 05.

Enphasis was placed on elucidating the effects of
snoltification on the stress response and on determ ning how
the stress response varied with duration at different
stressor  (crowding) intensities. Data on the stress
response of individual groups were not treated: |npstead,
snolt groups were contrasted with parr groups (see Table 2.1
for description of groups). Al though statistical treatnents
were always nade on relative concentrations, most of the
values in the follow ng subsection are given in terns of

absolute concentrations. The relative deviations from
basel i ne concentrations are, for the nost part, discernible
in plots of absolute  concentrations. When  such

rel ationships are not apparent, relative concentrations were
used.

Resul ts
Pl asma Cortisol Concentrations

Concentrations in Control Fi sh. Plasma corti sol
concentrations in uncrowled, undi sturbed chinook sal non
differed between groups tested (Table 2.2). In five of the
seven groups, nean concentrations fell in the range 19-98
ng/m . In one group, the small Dworshak NFH spring chi nook
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Table 2.2. Mean plasma cortisol concentrations (absol ute)

in eight groups of chinook sal non sanpled at DNFH in 1982.
Fish were sanpled prior to crowding; val ues obtained are the
best estimate of "control" val ues.

Concentrati ons

Experinental group?® (ng/ni)
Mean
1. Mgrants fromL. Ganite Dam April 232.0 33.1
2. HNFH "falls", June 43.5 11.9
3. DNFH "large", April 97.9 19.3
4. DNFH "smal|l", June 29. 4 6.7
5. DNFH "snal ", April 36. 2 6.7
6. DNFH "snmall", March <1.0 <1.0
1. KNFH, June 41.7 9.1
8. KNFH, April 19.0 11.8

a Nunbers correspond to nunbers in Table 2.1, where character-
istics of groups are described.
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parr sanpled in March (DSS-1), cortisol was undetectable
(<1.0 ng/mM). In another group, the mgrating snolts
transported from Lower Ganite Dam (M), mean corti sol

concentrations were nuch higher, declining in uncrowded fish
from340 ng/mM on the first day of testing to 185 ng/m on
the last day (overall nean = 232 ng/n). Pl asma corti so

concentrations in migrating spring chinook salnon snolts
sanpled from the gatewells at Lower Ganite Dam in 1982
(discussed in section 3) were typically in the range 40-60
ng/m (discussed in a |ater section), suggesting that fish
transported to Dworshak NFH for testing never conpletely
recovered from the cunulative stresses of capture and
transport. If so, our estimtes of unstressed control

cortisol concentrations are not valid, and conparisons
between the mxed mgrant group and other groups nust be

qual i fi ed. If control cortisol concentrations were biased
upward, a positive deviation from the putative contro
concentration in a given test group would be an

underestimate of the "true" deviation.

In general, increases in plasma cortisol in response to
crowding were greater in snolts than in parr (Figs. 2.1,
2.2, 2.3). Rel ative cortisol concentrations wer e

significantly greater for snolts than for parr across all
test durations at each of the three |oading densities tested

(RCB ANOVA) .

Effect of Crowding Duration. Plasma cortisol was
significantly el evated above control concentrations in all
smolt groups and, to a |lesser extent, in parr groups 2 hours
after transfer to the crowding cages. No significant
further increase occurred after 8, 24, and 48 hours at any
| oading, but at 96 hours a significant increase occurred in
the groups held at 32 and 128 g/liter (RCB ANOVA across al
gr oups, Table 2.3).
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Plasma cortisol concentrations in seven groups
of chinook salmon crowded (128 g/liter) for 2
to 96 hours. Each point represents the mean of
one to three pooled, five-fish replicate samples.
Values at 0 hours are mean cortisol concentra-
tions in uncrowded fish (controls). See Table
2.1 for description of groups of €ish.



20

Table 2.3. Comparison of mean (relative) plasma cortisol
concentrations by randomized complete block ANOVA in chin-
ook salmon (smolts and varr combined) crowded at three
loading densities for various periods of time. Means

that do not differ significantly are connected by a solid

line. 0 hours = concentration in control fish.
Loading density Crowding durations (hours)
{g/liter) 0 2 8 24 48 96
32 —— m—
64 —_—

128
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Effect of Loading Density. An effect of increasing
| oading density on plasma cortisol concentrations was

evident in snolt but not in parr. A one-way ANOVA of all
rel ative cortisol concentrations in snolts, wth |oad as
treat ment, indicated a significant difference between

concentrations in fish held at 32 and 128 g/liter
(concentrations in fish held at 64 g/liter were not
significantly different fromthose held at either 32 or 128
g/lliter). A simlar conparison of relative cortisol
concentrations in crowded parr indicated no significant
differences at 32, 64, or 128 g/liter.

Pl asma d ucose Concentrations

Basel i ne Concentrations in Control Fish. In six of the
seven groups of chinook salnmon tested, plasma gl ucose
concentrations in uncrowded, undisturbed fish were in the
range 58-91 ng/I QO M (Table 2.4). A higher nean concentra-
tion (124 ng/I0O mM) in mgrating snolts transported from
Lower Ganite Dam to Dworshak NFH was indicative of the
previously nentioned prolonged stress response to capture,
handl i ng and confinenent.

Snolts versus Parr. Plasnma glucose did not increase to
a significantly greater extent in snolts than in parr in
response to crowding at 32 or 64 g/liter (Figs. 2.4, 2.5,
2.6; RCB ANOVA of relative concentrations across all
durations). At 128 g/liter, relative glucose concentrations
were significantly higher in snolts than in Parr; this
difference was due to a greater increase in snolts than in
parr after 48 and 95 hours duration (Fig. 2.6).

Effects of Crowding Duration. Plasma gl ucose was
el evated significantly (except at 32 g/liter) above control
concentrations (all groups) 2 hours after the fish were
transferred to crowding cages, and increased progressively
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Table 2.4. Mean ﬁlasna gl ucose concentration (absolute) in
ei ght groups of chinook sal non sanpled at DNFH in 1982.

Fish were sanpled prior to crowding, and val ues obtai ned
represent the best estimate of "control" val ues.

Concentrations

Experinental group?® Nban(ng/|00ﬂ) <F
1. Mgrants fromL. Ganite Dam April 124.0 13.1
2 HNFH "fal | s", June 74.2 6.8
3. DNFH "large", April 87.7 3.5
4 DNFH "spal | ", June 91.2 5.1
5. DNFH "smal|l", April 87.2 7.5
6. DNFH "small", March 77.9 3.3
7. KNFH, June 63.7 3.5
8. KNFH, April 58.2 12.0

a Nunbers correspond to nunbers in Table 2.1, where character-
istics of groups are described.
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Wth increasing duration (Figs. 2.4, 2.5, 2.6; Table 2.5)
for 48 hours or longer. At the two |ower |oading densities,
gl ucose concentrations in sone groups declined between 48
and 96 hours. At the highest |oading density (128 g/liter),
pl asma gl ucose continued to increase in all groups for the
duration of the test, reaching 440-660 ng/IOCO m in the
three smolt groups tested (Fig. 2.6).

Effect of Loading Density. Sonme effect of increased
| oadi ng density on plasma glucose was evident in snolts, but
the effect was equivocal in parr. A one-way ANOVA of all
rel ati ve glucose concentrations in snolts with |oad as
treatnment indicated that concentrations did not differ
significantly at 32 and 64 g/liter, but were significantly
lower at 128 g/liter. A simlar analysis for parr indicated
that concentrations were not significantly greater in fish
at 64 and 128 g/liter than in those at 32 g/liter, but were
significantly greater in fish at 128 g/liter than in those
at 64 g/liter (i.e., least square mean glucose concentration
was greater at loading of 32 g/liter than at 64 g/liter).

Pl asma Sodi um Concentrati ons

Concentrations in_ Control Fish. Mean plasma Nat
concentrations in undisturbed, uncrowded fish ranged from
142 to 180 neg/liter for the various groups tested (Table
2.6). The highest mean concentrations were in the two
groups of fish with the highest indices of snoltification
(Dworshak NFH | arge chi nook and Hagerman NFH fall chi nook:
180 and 165 neg/liter, respectively), di sregardi ng the
mgrating smolts brought to the Ilaboratory from Lower
Ganite Dam (142 meg/liter). As previously pointed out, we
did not believe that the fish from Lower G anite Dam were
fully recovered from capture and handling at the tine of
testing.
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Tables 2.5. Conparison of mean plasma gl ucose concen-
trations by random zed conpl ete bl ock ANOVA in spring
chinook salnon (all groups) crowded at three | oading
densities for various periods of time. Means that do
not differ statistically from adjacent neans are con-
nected by a solid |ine. 0 hours = concentration in
control fish. The downward arrow i ndi cates a decrease
from the preceding nean concentration.

Loading density Crowdi ng durations (hours)
(g/liter) 0 2 8 24 48 96

32 _— .

64

128
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Table 2.6. Mean plasnma Na+ concentrations (absolute) in eight
groups of chi nook sal non sanpled at DNFH i n 1982. Fish were
sanpl ed before crowding, and values shown are the best estinmate
of "control" val ues.

concentrati ons

Experi mental group? (neg/liter)
Mean
1. Mgrants fromL. Ganite Dam April 142 12.1
2. HNFH "falls", June 165 0.7
3. DNFH "large", April 180 5.8
4, DNFH "small", June 153 8.6
5. DNFH "small", April 156 5.5
6. DNFH "small", March Tt T
1. KNFH, June 15s 5.6
8. KNFH, Apri | 155 4.7

a Nunbers correspond to numbers in Table 2.1, where character-
istics of groups are described.
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Snolts versus Parr. Data on changes in plasnma Nat
concentrations in crowded fish are given as relative
concentrations (Figs. 2.7, 2.8, and 2.9) because the
relative inpact of crowding across groups was not apparent
from plots of absolute concentrations. Plasma sodi um
concentrations initially rose in sone parr, but then
declined significantly after 24 hours of crowding at all
| oadi ng densities. Little additional change occurred at 48
and 96 hours.

Effects of Crowding Duration. Rel ati ve plasma sodi um
ion concentrations did not decrease significantly from
control concentrations 2 hours after transfer to crowdi ng
cages (Figs. 2.7, 2.8, 2.9: Table 2.7), but declined
significantly by 24 hours and changed little thereafter.

Effect of Loading Density. Loadi ng density had no
significant effect on relative Nat+ concentrations in either
snmolts or parr (one-way ANOVAs with all snolt groups and al
parr groups, wth |oad as treatnent).

Recovery of Physiological Characteristics

Plasma Cortisol Concentrations. Figures 2.10 and 2.11
show changes in relative cortisol concentrations in snolts
and parr recovering in fresh water and in salt water
following crowding at 64 g/liter for 96 hours. (Agai n,
plots of relative concentrations were used because the
tendency of individual groups to restore concentrations of
nonitored variables to their respective control values is
best displayed by such plots.) Data on recovery of parr and
snmolts recovering fromcrowding at 64 g/liter for 2, 8, and
24 hours followed simlar trends and are not shown (recovery
tests involved only fish crowded at 64 g/liter).
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Rel ative plasma Nat+ concentrations (absolute

m nus control concentrations) in four groups

of chi nook salnon crowded (32g/liter) for 2

to 96 hours. A concentration of zero (hori-
zontal line) represents the control; negative
concentrations indicate the degree to which
test were lower than control concentrations.
Points represent the nean of one to three poded,
five-fish replicate sanples. See Table 2.1

for description of groups of fish.
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Table 2.7. Conparison of nean plasma Na+ concentrations
by random zed conpl ete bl ock ANOVA in spring chinook
salmon (all groups) crowded at three |oading densities
for different periods of time. Means that do not differ
significantly are connected by a solid Iline. 0 hours =
concentration in control fish.

Loading density Crowding duration (hours)
(g/liter) 0 2 8 24 48 96
32
64

128
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Plasma cortisol concentrations declined slowy in parr

recovering in fresh water from crowdi ng stress. In parr
previ ously crowded for 24 and 96 hour s, cortisol
concentrations were sign